Mountain hares (Lepus timidus hibernicus Bell) are extremely vagile and commute up to 3 km daily within their home ranges. However, observational and mark-recapture evidence suggests that they do not disperse far in their lifetime. Whether behavioral factors such as philopatry are promoting genetic structuring in this largely solitary species is not known. We examined genetic structure in the mountain hare using microsatellite markers from 321 mountain hares from across southern Ireland. Genetic differentiation ranged from low to moderate (pairwise F ST ¼ 0-0.116), and across distances of 200 km, F ST was not correlated with geographic distance, suggesting possible population fragmentation. Home ranges of males in this species are significantly larger than those of females during the breeding season, suggesting that dispersal may be male-biased. Mean corrected assignment index (mAI C ) was lower in males (À0.280) than in females (0.403). F ST was lower among male cohorts of population samples (0.040) than among female cohorts (0.051), but the difference was not significant. These results are consistent with natal dispersal of nonresident males into the sampling areas.
The mountain hare (Lepus timidus L.) has a distribution extending across Eurasia from Norway to Japan. The species forms part of a Holarctic complex with L. arcticus Ross and L. othus Merriam in North America and Greenland. In Europe, its range extends across Fennoscandia, the Baltic States, and Russia and there are isolated glacial relict populations in Ireland (L. t. hibernicus), Scotland (L. t. scoticus), and the Alps (L. t. varronis- Angerbjorn and Flux 1995) . L. t. hibernicus Bell, 1837, is found on moorland and agricultural land at all elevations down to sea level in Ireland (Whelan 1985; Wolfe and Hayden 1996) , in contrast to populations in Scotland and the Alps, which are limited to highland areas, possibly because of competitive exclusion by brown hares (Lepus europaeus Pallas- Thulin 2003) . Although mountain hares in Ireland are widespread and locally common, studies have suggested that populations have declined in recent years (Dingerkus and Montgomery 2002; Preston et al. 2002) , although examination of some data indicates that populations may be recovering (Tosh et al. 2004 (Tosh et al. , 2005 . Population declines may be related to changing agricultural practices, such as intensification and increased mechanization (Dingerkus 1997) , as well as the destruction of hedgerows, which provide corridors for small mammals (Coffman et al. 2001 ) and daytime resting areas for mountain hares (Dingerkus and Montgomery 2001) .
Previous molecular work on the mountain hare has focused on phylogeographic patterns across relictual subspecies in Europe (Hamill et al. 2006; Pierpaoli et al. 1999; Suchentrunk et al. 1999) . Within subspecies, little is known about genetic structure. Home ranges of mountain hares normally include both a day-resting site and a separate night-feeding area that may be situated 1-3 km from each other (Flux 1970; Hewson and Hinge 1990) . Thus, the high vagility of mountain hares may be predicted to lead to high genetic connectivity between populations. However, mountain hares appear to be strongly philopatric. A mark-recapture study in Scotland showed that 1st-winter hares were more likely than adults to be recaptured within 100 m of their location the previous year, indicating infrequent juvenile dispersal (Hewson 1990a ). In the same study, just 1 instance of long-distance dispersal was detected: a single male hare (of 494 marked) was recovered 12 km from the study site (Hewson 1990a) , indicating that most individuals are relatively philopatric.
Such strong philopatry may be associated with reduced gene flow and local inbreeding. Factors such as the degree of territoriality, type of breeding system (Storz 1999) , densitydependent population fluctuations (Angerbjorn 1983; Hewson 1985) , habitat structure, and resource levels (Watson and Hewson 1973 ) determine whether individuals disperse or remain close to their natal site. These influences might act to reduce gene flow between populations. Where dispersal presents costs, it will tend to be optimized by natural selection (Favre et al. 1997) and the sex for which it is more costly is predicted to disperse less. Young mountain hares receive solely maternal care and home ranges of males are larger than those of females (Hewson and Hinge 1990) , consistent with a polygynous or polygynandrous mating system (Storz 1999) , although males do not hold territories and rarely defend females (Flux 1970) . Sex-biased dispersal is a common reproductive strategy adopted by many species (Prugnolle and de Meeus 2002) . In polygynous species of mammals, dispersal is predicted to be male-biased because of the greater benefits to females of remaining in familiar territory (Greenwood 1980) , increased competition among related males for access to breeding partners (Dobson 1982; Hamilton 1972) , inbreeding avoidance (Monard and Duncan 1996; Wolff 1993) , or a combination of these factors (Favre et al. 1997) .
Sex-biased dispersal among populations of hares has been investigated in few species and the results are equivocal. Both brown and snowshoe hares (Lepus americanus Erxleben) are polygynandrous (Burton and Krebs 2003; Hewson 1990b ) and have complex mating behaviors and both are predicted to be male-biased in dispersal under each of the above models (Dobson 1982) . Mitochondrial and microsatellite evidence identified male-biased dispersal in a population of brown hares (Fickel et al. 1999 (Fickel et al. , 2005 . By contrast, assignment indices of microsatellite data indicate that dispersal is equal among the sexes in snowshoe hares (Burton et al. 2002) . Although mountain hares do not display such complex mating behavior as brown hares (Flux 1970) , there is a degree of population structure in populations of mountain hares during the breeding season when home ranges of males expand by 50% (Hewson and Hinge 1990) and become significantly larger than those of females (Flux 1970) , which expand by 10% (Hewson and Hinge 1990) . Radiotracked females in Ireland had smaller home ranges than males during the breeding season (Wolfe and Hayden 1996) , although the trend was not significant. This suggests a breeding system where males roam wider in order to secure matings, and females are philopatric. Natal dispersal of a subset of these males, that is, the permanent movement from the natal site to reproduce elsewhere, may be biasing gene flow.
Here we apply a panel of 7 polymorphic microsatellite loci originally developed for the European rabbit (Oryctolagus cuniculus L.) to a survey of population structure in populations of mountain hares in Ireland. We quantified the level of gene flow among populations of mountain hares in Ireland, compared these levels with predicted structure based on observations in L. t. hibernicus and other subspecies, and examined whether there is a sex bias in dispersal among populations of this species. Our null hypothesis was complete panmixis between all sampling areas. Our 2nd hypothesis was strong site philopatry, which predicts high differentiation among populations and high likelihood of individuals being assigned to their own source population. Our 3rd hypothesis was high dispersal, predicting weak population differentiation and genetic isolation by geographical distance. In relation to how this gene flow is mediated, we hypothesized that genetic differentiation (F ST ) will be higher among female than male cohorts of the population and that females will have higher mean assignment indices to their source populations than males. Natural populations of mountain hares are likely to meet most of the simplifying assumptions about life-history parameters of such tests, including that there are nonoverlapping generations, dispersal occurs at the juvenile stage before reproduction, and sampling occurs postdispersal. In mountain hares, the generation time is usually 1 year, occasionally 2 years (Flux 1970) , and all samples were taken during winter, immediately before and during the early part of the breeding season.
MATERIALS AND METHODS
DNA sampling.-We sampled populations of mountain hares that were caught under license for purposes of coursing (the practice of pursuing hares with muzzled dogs that follow by sight) at 9 locations in southwestern, central, and eastern Ireland in autumn and winter of 1999 and spring 2000. The sampled hares were caught using long nets, in the immediate radius (approximately 1-4 km) of sites marked in Fig. 1 (Animal Care and Use Committee 1998) were followed during tissue collection. The location of sample sites and sample identification codes may be seen in Fig. 1 .
DNA extraction and polymerase chain reaction.-DNA was extracted by incubating 20-30 hair follicles from each animal with an extraction buffer comprising 81.5 ll polymerase chain reaction (PCR)-grade water, 1X Reaction Buffer (Bioline, London, United Kingdom), 2.5 mM MgCl 2 , 0.5 ll Tween-20, 0.6 ll Tergitol Type NP-40 (liquid form after incubation for 10 min at 608C), and 200 lg Proteinase K, for 45 minutes at 568C and then at 958C for 15 min. One microliter of the extraction buffer was used directly in a PCR. Seven microsatellite loci originally developed in the rabbit were optimized for mountain hare DNA and screened in all individuals. The PCR for all primers consisted of 1X Reaction Buffer (Bioline), optimized MgCl 2 concentrations, 0.2 mM each deoxynucleoside triphosphate, 0.4 mM Cy-5 labeled forward and 0.4 mM reverse primer, and 0.5 U BioTaq DNA polymerase (Bioline). Annealing temperature (T A ) and MgCl 2 concentration (Mg) are as follows: -van Haeringen et al. 1996) , and D7UTR1 (Mg ¼ 2.0 mM, T A ¼ 618C- Korstanje et al. 2003) . PCR primers for D7UTR1 were forward-59-ACACCTGGGGAATAAACAACAAG-39 and reverse-59-GAGGGAGGCAGAGGGATAAGA-39. Cycling conditions for these loci were as follows: 958C for 3 min, then 7 cycles of 958C for 15 s, variable annealing temperature for 15 s and 728C for 25 s, and 25 cycles of 898C for 15 s, variable annealing temperature for 15 s and 728C for 25 s. Cycling conditions for SAT12 (Mg ¼ 1.5 mM, T A ¼ 528C) were according to Andersson et al. (1999) . Products were separated on the Long Read Tower fluorescent sequencer (Visible Genetics Inc., Toronto, Ontario, Canada), with at least 2 internal lane size standards flanking the expected size range of each locus.
Because of time constraints, we could not determine the sex of individuals in the field. Instead, sex of individuals from 5 sites was determined by selective PCR amplification of a fragment of the Sry sex-determining gene on the Y-chromosome (size approximately 300 base pair [bp] ) in duplex with a segment of the Transferrin gene (size approximately 500 bp) as per Wallner et al. (2001) , and PCRs were subjected to electrophoresis on ethidium bromide-stained 2% agarose gels. Gel photographs were examined by eye to detect the number of amplicons for each individual. With every set of reactions carried out, 2 positive controls (1 male and 1 female) were included in the PCR and gel run. If these bands did not show up as expected, PCR was repeated. If an individual failed to produce any band or the result was not conclusive, PCR for that individual was repeated. For every set of reactions carried out, 5 individuals that had produced an interpretable result in the previous screening were rerun with the next experiment.
Analysis of genetic diversity.-Genotypic data for each individual were formatted for analysis using the Microsoft Excel add-in Microsatellite Toolkit (Park 2001) . Estimation of pairwise linkage disequilibria for each pair of loci was calculated by LINKDOS (Garnier-Gere and Dillmann 1992). Allelic count and allelic richness were calculated in FSTAT, version 2.93.2 (Goudet 1995; J. Goudet, 2001 , FSTAT, A Program to Estimate and Test Gene Diversities and Fixation Indices, http://www.unil.ch/izea/softwares/fstat.html). Total observed and expected heterozygosity and F IS were calculated for each sample and samples were tested for Hardy-Weinberg equilibrium using the Score test (Rousset and Raymond 1995) in GENEPOP, version 3.3 (Raymond and Rousset 1995a) .
Analysis of genetic structure.-We did an exact test for genotypic differentiation in FSTAT, version 2.93.2 (J. Goudet, 2001 , FSTAT, A Program to Estimate and Test Gene Diversities and Fixation Indices, http://www.unil.ch/izea/softwares/ fstat.html). An overall estimate of F ST was obtained in GENEPOP. We used this value to estimate the number of migrants per population, that is, the product of migration rate and effective population size (Nm), under island-model assumptions using Wright's equation (Wright 1969) . Pairwise estimates of F ST between each pair of samples were generated and tested for significance, using Arlequin, version 2.0 (Schneider et al. 2000) . In order to obtain an individual-based estimate of how distinct the population samples were from each other, partially Bayesian assignment tests were done in GENECLASS (Cornuet et al. 1999) . Two methods were employed; initially, we did direct assignment with the likelihood of belonging to each sample estimated using formula 9 of Rannala and Mountain (1997) . Each individual was assigned to the sample in which its genotype had highest likelihood. We calculated the proportion of individuals assigned to their source sample. We also used the probability-of-belonging method and simulated 10,000 genotypes for each sample based on sample allele frequencies in GENECLASS (Cornuet et al. 1999) . Each individual was assigned to the population in which its probability of belonging was highest, relative to the probability of belonging of the simulated genotypes. In order to eliminate bias, when genotypes were simulated, the focal genotype was excluded from the source sample. We also excluded population Abbeydorney (ABDY) from these tests because of small sample size. All samples in which the probability of belonging exceeded 0.05 were counted, as an estimate of the admixture levels of the sample as a whole. We tested for an isolation-bydistance effect (Slatkin 1993 ) using the ISOLDE option in GENEPOP (Raymond and Rousset 1995a) . A regression of matrices of genetic distance (F ST /(1 À F ST ) from GENEPOP) with log-transformed geographic distance in kilometers (measured in ArcMap [ESRI, Redlands, CA, USA] using the British national grid system) between sampling sites was carried out.
Tests for sex-biased dispersal. -Goudet et al. (2002) proposed a number of tests for sex-biased dispersal, but the most powerful were mean assignment index (Paetkau et al. 1995) and differential F ST (Weir and Cockerham 1984) . The tests make use of randomization procedures for significance testing. Randomization proceeds by initially estimating the test statistic for the real data set, then randomly assigning a sex to each individual in the study, keeping sex ratio constant in each sample, then recalculating the statistic for the randomized data set. This was carried out 2,000 times and a null distribution was generated. The proportion of times the test statistic was exceeded by the randomized data set was the P-value for the test.
For each of the sex-typed individuals, the assignment index of Paetkau et al. (1995) was calculated and probabilities of assignment to source population were estimated using FSTAT (J. Goudet, 2001 , FSTAT, A Program to Estimate and Test Gene Diversities and Fixation Indices, http://www.unil.ch/izea/ softwares/fstat.html). The probability that the genotype of a given individual k, occurred by chance in population l, given the allelic frequencies in that population (calculated including the focal individual) is the assignment index (AI) of individual k to population l. These AI values are corrected (AI C ) for variable genetic diversity across populations, by initially logtransforming them and then subtracting the average value of the population assignment index from the multilocus probability of each individual. The average AI C value of each population is then zero, regardless of the genetic diversity present in that population. Negative values indicate individuals less likely than average to have been born locally. We estimated the mean AI C for males and females in each population. Because immigrants tend to have lower assignment indices than residents, we postulated that male assignment indices would be significantly lower than those of the females in each population because of the presence of male immigrants in each population. A t-statistic corresponding to the difference between the AI C in the philopatric and dispersing cohorts divided by the square root of the sum of the total variance within each group was used (Goudet et al. 2002) . We also examined the possibility of sex-biased dispersal by comparing among-population F ST in male and female cohorts of the population. Under conditions of male-biased dispersal, it is predicted that F ST will be greater among the female than the male cohorts of each sample, because some males will be immigrants and this will reduce the proportion of genetic variance attributable to differentiation into subpopulations in males. The test statistic used is (F STF À F STM ).
RESULTS
Genetic diversity.-Complete genotypes at 7 loci (no nonamplifying individuals for any locus) were obtained for 321 individuals (see Fig. 1 for details of sample sizes and location code abbreviations). No significant linkage disequilibrium was found; therefore the 7 loci were treated as independent markers. All loci were polymorphic (2-13 alleles observed per locus) and genetic diversity in L. t. hibernicus was moderate compared to that in other mammalian species, as indicated by average locus specific heterozygosity. Forty-two alleles were observed in total (Table 1) . Mean allele count per sample per locus was 4.4 and average expected heterozygosity across loci was 0.518 per sample. A test for departure from HardyWeinberg equilibrium in the overall subspecies sample was significant (P ¼ 0.001), therefore the individual samples of the study were assessed for goodness-of-fit to Hardy-Weinberg equilibrium. Fisher's Global test was applied across loci, and, after Bonferroni correction (Rice 1989) , only 1 sample displayed significant departure from Hardy-Weinberg equilibrium (Ballyduff [BDF]; P ¼ 0.0015 across pooled loci).
Genetic structure.-An exact test for overall genic differentiation (Raymond and Rousset 1995b ) across all samples was significant (P , 0.001), but an overall estimate of genetic differentiation was quite low (F ST ¼ 0.035). This value would correspond to about 6.9 migrants per sample and per year under the island model of gene flow (Wright 1931) , indicating high migration between subsamples. Pairwise F ST was low to moderate (Table 2) ; estimates between sampling areas were variable and ranged from ,0.001 to 0.11. Neighboring samples were generally not significantly differentiated ( Table 2 ). The Balbriggan (BBN) sample (most outlying by geographic distance; Fig. 1 ) was significantly different from all other samples in pairwise exact tests of genotypic differentiation. Additionally, pairwise F ST values between Balbriggan and all other samples averaged 0.073, in comparison to 0.029 among significant estimates between other sample pairs. Table 3 shows that in the direct Bayesian assignment test (Rannala and Mountain 1997) , just 32% of individuals were assigned to their source samples (i.e., had higher probability of belonging to this than any other sample), but 53% of individuals were assigned to samples within 50 km of their source sample, indicating similar genotypic distributions at this scale. The sample with the highest rate of self-assignment was Balbriggan (BBN); 68% of Balbriggan individuals were selfassigned with highest likelihood (Table 3) . We pooled all individuals into 50-km areas, that is, we included Ballyduff (BDF), Lixnaw (LIX), and Castleisland (CSTL); County Kerry samples; and the Clonmel (CLON) and Kilkenny (KKY) samples (into the Southeast sample); and then carried out the Bayesian simulation analysis (Cornuet et al. 1999) . We plotted the proportion of individuals assigned to each sample. Fig. 2 shows that the majority of individuals in 4 of the 5 sampling areas were self-assigned. In the Kerry sampling area, which had the largest sample size, 80% of the sample was self-assigned, and 56% of the Balbriggan sample was self-assigned. The Kilcullen, County Kildare (KCLN), individuals were the least self-assigned group, with just 20% self-assigned, equivalent to random assignment. Genetic distance was significantly correlated with increasing geographic distance within the subspecies (R 2 ¼ 0.23, P ¼ 0.007; Mantel test). However, because the Balbriggan (BBN) sample was both the most genetically distinct and was also at one extreme of the geographic range (Fig. 1) , we repeated the regression excluding this sample and found the trend was much lower and no longer significant (R 2 ¼ 0.07, P ¼ 0.24; Mantel test). This indicates that genetic structure does not really follow an isolation-by-distance model; instead the data are showing a bias due to pseudoreplication because each sample is involved in multiple nonindependent comparisons. It is possible that we have identified 2 demes that are significantly differentiated from each other, and moderately diverged (F ST ¼ 0.073). At the scale of 200 km, that is, within demes, it is possible that an island model is appropriate to our data. Alternatively, there may be recent population fragmentation, and the genetic similarity is due to limited genetic drift occurring since then.
Tests for sex-bias in individual dispersal.-The sex of 156 individuals from 5 sites was determined by selective PCR amplification. We identified more males (92) than females (64). However, this probably does not mean there is an unequal sex ratio. PCRs with DNA from females resulted in the amplification of a single band. Sometimes if the single band was weak and a faint band indicating males was undetectable by eye (the Tf band was brighter than the Sry band), we excluded that data point.
We found that mean assignment index of the sampled mountain hares was higher for females than males, as predicted by our hypothesis. The 64 females in the study had a positive mean assignment index (AI C ) of 0.403 in contrast to the negative mean assignment index of À0.280 for the 92 males. The difference was significant at the nominal level (P ¼ 0.032; 2,000 randomizations), but not after strict Bonferroni correction for multiple testing. The component of overall F ST contributed by males was 0.0397 and was lower than the overall F ST between (Rannala and Mountain 1997) in GENECLASS (Cornuet et al. 1999 Fig. 1 ; pooling of samples is described in the text.
female cohorts in each sample (0.0505), but this difference was not significant at the nominal level. Expected heterozygosity was significantly higher at the nominal level among male cohorts of the sample than among females (0.5395 for males compared to 0.4923 for females; P ¼ 0.048, 2,000 randomizations) as predicted by our hypothesis, but were not significant after correction for multiple testing. As predicted, observed heterozygosity did not significantly differ between males and females (0.4814 compared to 0.4911). These tests for biased dispersal probably reveal a tendency toward higher dispersal in males.
DISCUSSION
Population structure of mountain hares in Ireland.-The analysis of highly polymorphic molecular markers can allow the rapid estimation of population structure and dispersal levels-data that can take years to acquire by conventional mark-recapture or radiotracking methods. Our data set paints a picture of moderately diverse, weakly differentiated populations of mountain hares across southern Ireland and suggests the presence of 2 genetically divergent demes that may be considered management units. Overall genetic diversity was moderate (Hartl and Clark 1997) with heterozygosity of about 0.54 and 4 or 5 alleles per locus. This was lower than the mean observed in other European subspecies of the mountain hare genotyped at the same loci (Hamill et al. 2006) , indicating that populations from Ireland have maintained smaller effective population sizes. Although both sample size and locus polymorphism were variable in this study, it is likely that these are reliable estimates of diversity in this subspecies, because these loci have the potential to have higher diversity in other samples, for example, heterozygosity of 0.8-0.9 was observed with the same loci in Fennoscandian samples; in all but 1 of our samples, sample size was more than double the number of alleles detected; there was no correlation between number of alleles per sample and sample size (data not shown); and the incidence of private alleles was extremely low (4 private alleles in 4 different samples with cumulative frequency of ,0.01).
Using the panel of 7 polymorphic microsatellite markers, we were able to reject the null hypothesis of panmixis across the study range. However, we could also reject the 2nd hypothesis of extreme philopatry because samples were weakly differentiated and no significant differences were found between samples taken 10-30 km apart. Instead, we identified low but significant genetic differentiation among the samples, supporting our 3rd hypothesis. Gene flow was high between neighboring sample areas, as evidenced by nonsignificant pairwise comparisons between geographically close samples, but at wider scales, several pairwise comparisons across the southern part of the range of mountain hares in Ireland indicated significant differences between genotypic distributions among sampling areas. A simple model of isolation by geographic distance did not fit the data, so natural populations are possibly fragmented and patchy, rather than continuous. However, population fragmentation is likely to be recent because overall genetic differentiation, in terms of F ST , was low between most population sample pairs, with the exception of Balbriggan (BBN), which was significantly differentiated at a moderate level (Wright 1978) from the other samples.
Individual-based Bayesian assignment tests indicated considerable misassignment of individuals to nonsource samples across most of the subspecies range, because of the similarity of the allelic distributions in all samples. Direct comparison with parallel mark-recapture studies shows that assignment indices are very reliable indicators of the natal site of individual dispersers provided sufficient samples per loci are screened (Berry et al. 2004; Favre et al. 1997) . It seems likely that the addition of further loci would increase the proportion of samples that were self-assigned. However, previous work involving empirical data and simulation has found that assignment accuracy may be better improved by increasing the number of individuals screened (Berry et al. 2004) , rather than number of loci. Such samples will be more likely to include rare alleles and to sample individual dispersers, where dispersal is rare. This may explain why only the largest sample tested (the pooled Kerry sample of 120 individuals) achieved selfassignment rates as high as 80%.
Comparison with mark-recapture studies indicates that highly accurate individual assignment to natal site can also depend on other factors; for example, greater accuracy is achieved where source populations are genetically well differentiated (Berry et al. 2004; Cornuet et al. 1999) . Here, populations on the whole were relatively undifferentiated, with F ST being ,0.05 between most sampling areas-the sample that had greatest proportion of individuals self-assigned in our direct assignment tests was the Balbriggan (BBN) sample, which was the most divergent gene pool in the study. Accurate individual assignment to natal site also may be affected by polymorphism of the loci (Berry et al. 2005) . High precision and frequency of correct assignments has been achieved with data sets that applied highly polymorphic markers (heterozgyosities of 0.7-0.8- Berry et al. 2005; Manel et al. 2002) . In contrast, our data set was moderately polymorphic with heterozygosity of approximately 0.55. The simulation analysis of Cornuet et al. (1999) also can be used to exclude particular populations as potential source populations. Simulations were used to statistically exclude potential source samples by permitting assignment of individuals to samples only where they had assignment indices within the 0.95 range of the 10,000 simulated genotypes run in GENECLASS. None of the samples in the study area were excluded as potential sources for 37% of individuals tested. This is illustrative of the high degree of misclassification among samples due to the low genetic differentiation identified. Additionally, populations were not sampled continuously across Ireland, therefore analyses that seek to assign individuals to neighboring sample sites may not achieve high power.
Implications for conservation managers.-Are mountain hare populations in Ireland declining or becoming fragmented? The low genetic divergence observed over large areas of Munster and southern Leinster indicates that populations have until recently experienced high gene flow. However, significant differences were identified between genotypic distributions of several populations and the data did not fit an isolation-by-distance model. This may indicate recent fragmentation of populations, consistent with declining habitat connectivity across southern Ireland. When populations become fragmented, for example, because of changing patterns of agricultural practice, there is generally a lag in the time between the fragmentation event with the accompanying cessation in gene flow, and the time when resulting drift in the genotypic distributions can be detected (Honnay et al. 2005) . Such populations can become vulnerable even before a great deal of genetic structuring is observed, because they cannot exchange migrants with other populations (Hale et al. 2001) . Thus, although genetic diversity is moderate and divergence between populations in Ireland is not high, the significant fragmentation of the populations may be a cause for concern among conservation managers. The Balbriggan (BBN) sample was the most genetically divergent sample. Because this population lies at a geographic extreme of the studied range (Fig.  1) , it is possible that we have sampled individuals that are part of a separate breeding unit or deme. There are no significant natural barriers in Leinster to isolate this population but human activity and infrastructure may have contributed to a recent fragmentation of natural populations of mountain hares. However, the genetic distinctiveness of the hares in this particular area has been recognized in the past. On the basis of a buff coloration of the fur, Barrett-Hamilton in the early 20th century ascribed the name L. timidus lutescens (Barrett- Hamilton, 1912-cited in Corbet and Harris 1991) to hares from the Balbriggan areaa name now arranged as a synonym of hibernicus. The population genetics appears to suggest a degree of differentiation, which may merit further study and requirement for conservation as a separate management unit. Alternatively, there may be a deme extending across the northeastern part of the country, of which the Balbriggan sample is a part. Further sampling from more northerly areas would clarify the relationships of this population.
Is there a sex-bias in individual dispersal in mountain hare populations?-Although data are limited, previous research has shown that the home ranges of male mountain hares are larger than those of females during the breeding season (Hewson and Hinge 1990) . The longest (observed) dispersers have been males (Hewson 1990a) , suggesting that females may be more philopatric than males in this species. Recent genetic work has demonstrated the utility of microsatellite markers in elucidating patterns of individual dispersal that differ between the sexes (Austin et al. 2003; Blundell et al. 2002; Spong and Creel 2001) . Direct comparison with parallel mark-recapture studies has shown that assignment indices can be very reliable indicators of the dispersing status of individuals. There is suggestive evidence from our microsatellite data that male mountain hares disperse further than females from their natal site. Expected heterozygosity is also expected to be higher in the longer-dispersing sex, but observed heterozygosity is not expected to differ between the sexes. We observed this pattern with tests for male-biased dispersal. Additionally, mean assignment index was significantly different at the nominal level between males and females (although not after Bonferroni correction). Males were negative on average, and females were positive, indicating that sampled females were more likely to have been born in the sampling area than sampled males. The most likely explanation of this tendency is that male cohorts of each sample include immigrants into the sampling area with extraneous genotypes and that more males are moving further from their natal site than are females. In other lagomorph species in which dispersal for reproductive purposes is sexbiased, the males disperse, for example, brown hares and rabbits (Fickel et al. 1999; Surridge et al. 1999) . Because females care for offspring, a male mountain hare may disperse to avoid mating with his mother (Kerth et al. 2002; Wolff 1993) or to avoid competition with close relatives for mates. A female may require a good knowledge of the resources of her territory in order to provide optimal care for her offspring, hence remaining within natal territories more frequently than males.
Although our evidence suggests that males disperse farther than females, not all of the predicted indices were significant. Although the trend was in the predicted direction, we found no significant difference in F ST between male and female cohorts, in contrast to the significant differences in mean assignment index and expected heterozygosity. This may be due to a lack of sufficient power with just 8 loci and relatively small sample sizes. However, in a simulation analysis (Goudet et al. 2002) similar to our study design, that is, a sample of 24 individuals in each of 6 populations screened for 8 loci, both assignment index (mAI C ) and F ST had high power (.80%) for a wide range of dispersal rates ranging from 4% to 50%. The present loci displayed mean heterozygosity levels of only 0.55 and this may have resulted in less power. It might be necessary to increase the number of marker loci in order to get a more powerful estimate of biased dispersal with populations that are just moderately diverse. However, there are other potential reasons for the F ST test not being significant, even if there was a real effect. The geographic scale examined here was larger than many other studies of this type (Favre et al. 1997) . At greater geographic distances, F ST between males and females will tend to converge, whereas the assignment tests are carried out within samples and thus may be more appropriate to this study. The F ST test also assumes that all potential source populations for immigrants have been sampled, which is not assumed by assignment tests; again these are perhaps more appropriate for our data set. Intrinsic factors such as the proportion of migrants and the degree of sex bias in dispersal also may have affected the statistical power. Simulation studies have shown that sex bias is most detectable with microsatellite arrays when it is strong (.70% biased) and when dispersal rates are intermediate (4-30% per capita dispersal rate), rather than very high (Goudet et al. 2002) . Additionally, when population differentiation is very low, any bias becomes more difficult to detect, because of the similarity of allelic arrays in all subpopulations (Goudet et al. 2002) .
CONCLUSION
Although there have been changes in the agricultural landscape in Ireland that could cause population fragmentation, the genetic evidence presented indicates that mountain hares currently constitute a relatively panmictic population across southern Ireland. However, because the loci screened were not highly polymorphic, and because there can be a time lag between a fragmentation event and its associated genetic signature, we suggest that population genetic structure in mountain hares in Ireland should continue to be monitored. Although most samples were not significantly differentiated from each other, there was 1 particularly divergent sample. Significant differences in allelic distributions were identified between mountain hares from Balbriggan (BBN), County Dublin (the easternmost sample), and the other samples of the study and genetic distances were high, with F ST values reaching 0.112. Mountain hares from this local area may form part of a separate deme. Sampling of areas north and west of Balbriggan could help determine whether the genetic break we identified is due to a localized population, or the presence of 2 or more large demes in southern Ireland. Based on behavioral observations, we tested a hypothesis of sex-biased dispersal between male and female cohorts of the population. Evidence from Bayesian assignment tests using microsatellite data suggests that female mountain hares tend to be more philopatric than males and trends in heterozygosity and differential F ST also suggest a bias.
